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APPLICATION-BASED RADIO-ACCESS
TECHNOLOGY SWITCHING

FIELD OF THE DESCRIBED EMBODIMENTS

The described embodiments relate generally to wireless
communications and more particularly to application-based
radio access technology (RAT) switching.

BACKGROUND

Many wireless communication devices are configured to
access a network via multiple radio access technologies
(RATs). For example, some devices, also known as dual-
mode devices, can exchange data over both a wireless local
area network (WLAN) and one or more cellular RATs. Such
devices can accordingly switch between a WLAN and
cellular connection depending on availability of a WLAN
connection.

Some dual-mode devices are configured to default to
connecting to a WLAN connection when available. In this
regard, accessing and sending data over a WLAN 1s gener-
ally free and a WLAN connection often offers higher band-
width than many cellular RATs. However, a connection
quality of a WLAN connection can degrade to the point that
it negatively impacts user experience ii the device enters an
area ol relatively weak WLAN coverage. For example, a
device can be connected to a WLAN access point in the
user’s house. The user can then walk outside of his or her
house with his device, but can remain within suthcient
proximity of the WLAN access point to maintain a connec-
tion to the WLAN. However, the connection quality of the
WLAN connection can degrade due to increasing distance to
the WLAN access point increases and obstructions such as
walls being 1n the signal path. Degradation of the WLAN
connection as the user enters a weak area ol coverage
outside of his or her house can result 1n an interruption 1n
data transfer over the WL AN connection, which can lead to
data stalls that can i1mpact operation of applications
exchanging data over the WLAN connection.

Data stalls occurring due to weak WLAN coverage can be
extremely {frustrating to a device user. However, many
devices remain on a WLAN connection until a packet error
rate (PER) experienced on the connection exceeds a thresh-
old, which may not occur until a device has been 1n an area
of weak coverage for a relatively substantial amount of time.
In this regard, the radio interface of some devices can apply

a universal PER threshold and can switch from a WLAN
connection to a cellular RAT when the PER on the WLAN
connection exceeds the PER. However, application of a
universal PER threshold does not provide for a consistently
good user experience, as the threshold at which user expe-
rience can sufler due to degrading connection quality can
vary depending on an activity being performed on the
device. For example, a user watching a video may be
negatively impacted by a loss of signal quality on a con-
nection more quickly than a user checking emauil.

SUMMARY OF THE DESCRIBED
EMBODIMENTS

Some embodiments disclosed herein provide for applica-
tion-based RAT switching. In this regard, some example
embodiments provide a wireless communication device con-
figured to apply application-specific threshold connection
quality metrics. Accordingly, 1n such example embodiments,
threshold connection quality metrics can be tailored on an
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application-by-application basis to enhance user experience
by providing for switching between RATs more quickly as
coverage degrades. Thus, for example, RAT switching can
be performed more quickly for applications that can be more
sensitive to a loss 1n signal quality through application of
application-specific connection quality metrics.

The above summary 1s provided merely for purposes of
summarizing some example embodiments so as to provide a
basic understanding of some aspects of the disclosure.
Accordingly, 1t will be appreciated that the above described
example embodiments are merely examples and should not
be construed to narrow the scope or spirit of the disclosure
in any way. Other embodiments, aspects, and advantages
will become apparent from the following detailed descrip-
tion taken in conjunction with the accompanying drawings

which 1llustrate, by way of example, the principles of the
described embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The described embodiments and the advantages thereof
may best be understood by reference to the following
description taken i1n conjunction with the accompanying
drawings. These drawings are not necessarily drawn to
scale, and 1n no way limit any changes in form and detail that
may be made to the described embodiments by one skilled
in the art without departing from the spirit and scope of the
described embodiments.

FIG. 1 illustrates a system in accordance with some
example embodiments.

FIG. 2 illustrates a block diagram of an apparatus that can
be mmplemented on a wireless communication device in
accordance with some example embodiments.

FIG. 3 illustrates a system layer diagram including a
connection manager 1 accordance with some example
embodiments.

FIG. 4 illustrates a flowchart according to an example
method for application-based RAT switching according to
some example embodiments.

FIG. 5 illustrates a flowchart according to another
example method for application-based RAT switching
according to some example embodiments.

FIG. 6 1illustrates a flowchart according to an example
method for application-based RAT switching for a duration
of an activity according to some example embodiments.

FIG. 7 illustrates a flowchart according to an example
method for application-based access network switching
according to some example embodiments.

DETAILED DESCRIPTION OF SELECTED
EMBODIMENTS

Representative applications of systems, methods, appara-
tuses, and computer program products according to the
present disclosure are described in this section. These
examples are being provided solely to add context and aid 1n
the understanding of the described embodiments. It will thus
be apparent to one skilled in the art that the described
embodiments may be practiced without some or all of these
specific details. In other instances, well known process steps
have not been described 1n detail 1n order to avoid unnec-
essarily obscuring the described embodiments. Other appli-
cations are possible, such that the following examples
should not be taken as limiting.

In the following detailed description, references are made
to the accompanying drawings, which form a part of the
description and in which are shown, by way of illustration,
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specific embodiments in accordance with the described
embodiments. Although these embodiments are described 1n
suilicient detail to enable one skilled in the art to practice the
described embodiments, 1t 1s understood that these examples
are not limiting; such that other embodiments may be used,
and changes may be made without departing from the spirit
and scope of the described embodiments.

Some example embodiments address the problem of data
stalls occurring due to a wireless communication device
being within an area of weak coverage by a serving RAT. In
this regard, the serving RAT signal can be strong enough that
a wireless communication device can remain on the serving
RAT, such as due to a general preference for using the
serving RAT when available. However, a quality of the
connection can be such that a data stall can occur when an
application operating on the device attempts to engage 1n
data communication over the RAT. Traditionally, devices
have relied on a single, universal connection quality metric,
such as an experienced PER for governing RAT switching.
However, usage of a single, universal metric can result 1n a
device remaining on a serving RAT until after a device has
been 1n an area of weak coverage for a relatively substantial
amount of time.

Rather than relying on a single, universal connection
quality metric that may not be appropriate for all applica-
tions, some example embodiments disclosed herein provide
tor application-based RAT switching 1n which application-
specific threshold connection quality metrics can be applied.
Thus, a threshold can be defined for a given apphcatlon
based on a threshold at which user experience can sufler due
to degrading connection quality. Thus, for example, appli-
cation-specific threshold connection quality metrics can be
defined so that RAT switching can be performed more
quickly for applications that can be more sensitive to a loss
in signal quality through use of application-specific connec-
tion quality metrics.

FIG. 1 illustrates a system 100 1n accordance with some

example embodiments. The system 100 can include a wire-
less commumnication device 102. The wireless communica-
tion device 102 can be a cellular phone, such as a smart
phone device, a tablet computing device, a laptop computing
device, or other computing device configured to connect to
wirelessly obtain network access via two or more RATs.

In the example system 1llustrated 1n FIG. 1, the wireless
communication device 102 can be within range of network
access points for two or more RATs, including a first RAT
104 and a second RAT 106. The first RAT 104 and second
RAT 106 can each implement any respective RAT. However,
the RAT implemented by the second RAT 106 can be
different form the RAT implemented by the first RAT 104.
In some example embodiments, one or both of the first RAT
104 and second RAT 106 can implement a cellular RAT. In
embodiments including a cellular RAT(s), the cellular RAT
can, for example, be a Long Term Evolution (LTE) RAT,
L'TE-Advanced RAT, a Universal Mobile Telecommunica-
tions System (UMTS) RAT (e.g., a Wideband Code Division
Multiple Access (WCDMA), a Time Division Synchronous
Code Davision Multiple Access (ITD-SCDMA) network,
and/or other UMTS RAT), a CDMA2000 RAT, a 1xRIT
RAT, Global System for Mobile Communications (GSM),
and/or other cellular RAT.

In some example embodiments, one of the first RAT 104
or the second RAT 106 can be a WLAN RAT. In embodi-
ments including a WLAN RAT(s), a respective WLAN RAT
can, for example, use an Institute of FElectrical and Elec-
tronics Engineers (IEEE) 802.11x RAT, including but not
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limited to 802.11a, 802.11b, 802.11g, 802.11n, 802.11ac,
and/or other present or future developed 802.11x RAT.

In some example embodiments, the first RAT 104 can be
a WLAN RAT and the second RAT 106 can be a cellular
RAT. As another example, the first RAT 104 can implement
a cellular RAT and the second RAT 106 can implement a
WLAN RAT. However, it will be appreciated, that in some
instances both the first RAT 104 and second RAT 106 can
implement respective cellular RATs. Further, it will be
appreciated that implementations 1n which one or more of
the first RAT 104 or second RAT 106 can implement a RAT
other than a cellular RAT or WLAN RAT are contemplated
within the scope of the disclosure.

As will be further described below, the wireless commu-
nication device 102 can have a connection to the first RAT
104 and can engage 1n data communication for the first RAT
104 for an application. In accordance with some example
embodiments, as will be described further herein below, the
wireless communication device 102 can switch from the first
RAT 104 to the second RAT 106 in an instance in which a
measured connection quality metric of the connection to the
first RAT 104 fails to satisty a threshold connection quality
metric defined for the application for which data communi-
cation 1s performed over the connection to the first RAT 104.

In some instances, when switching to the second RAT
106, the wireless communication devices 102 can terminate
its connection to the first RAT 104. Alternatively, 1n other
instances when switching to the second RAT 106, the
wireless commumnication device 102 can maintain 1ts con-
nection to the first RAT 104. However, the wireless com-
munication device 102 can switch to sending data for an
application via the second RAT 106, rather than via the first
RAT 104. In this regard, the wireless commumnication device
102 can switch a current active data interface that can be
used for an application from the first RAT 104 to the second
RAT 106.

FIG. 2 illustrates a block diagram of an apparatus 200 that
can be implemented on a wireless communication device
102 1n accordance with some example embodiments. In this
regard, when implemented on a computing device, such as
wireless communication device 102, apparatus 200 can
enable the computing device to operate within the system
100 1n accordance with one or more example embodiments.
It will be appreciated that the components, devices or
clements illustrated 1n and described with respect to FIG. 2
below may not be mandatory and thus some may be omitted
in certain embodiments. Additionally, some embodiments
can include further or different components, devices or
clements beyond those illustrated 1n and described with
respect to FIG. 2.

In some example embodiments, the apparatus 200 can
include processing circuitry 210 that i1s configurable to
perform actions 1n accordance with one or more example
embodiments disclosed herein. In this regard, the processing
circuitry 210 can be configured to perform and/or control
performance of one or more functionalities of the apparatus
200 1n accordance with various example embodiments, and
thus can provide means for performing functionalities of the
apparatus 200 1n accordance with various example embodi-
ments. The processing circuitry 210 can be configured to
perform data processing, application execution and/or other
processing and management services according to one or
more example embodiments.

In some embodiments, the apparatus 200 or a portion(s)
or component(s) thereof, such as the processing circuitry
210, can include one or more chipsets, which can each
include one or more chips. The processing circuitry 210
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and/or one or more further components of the apparatus 200
can therefore, 1n some 1nstances, be configured to implement
an embodiment on a chipset including one or more chips. In
some example embodiments 1n which one or more compo-
nents of the apparatus 200 are embodied as a chipset, the
chupset can be capable of enabling a computing device to
operate 1n the system 100 when implemented on or other-
wise operably coupled to the computing device. Thus, for
example, one or more components of the apparatus 200 can
provide a chipset configured to enable a computing device to
operate on a cellular network, WLAN, and/or other RAT.

In some example embodiments, the processing circuitry
210 can include a processor 212 and, 1n some embodiments,
such as that 1llustrated 1n FIG. 2, can turther include memory
214. The processing circuitry 210 can be in communication
with or otherwise control the transceiver(s) 216, and/or the
connection manager 218.

The processor 212 can be embodied 1n a variety of forms.
For example, the processor 212 can be embodied as various
hardware-based processing means such as a microprocessor,
a coprocessor, a controller or various other computing or
processing devices including integrated circuits such as, for
example, an ASIC (application specific integrated circuit),
an FPGA (field programmable gate array), some combina-
tion thereof, or the like. Although illustrated as a single
processor, 1t will be appreciated that the processor 212 can
comprise a plurality of processors. The plurality of proces-
sOors can be 1n operative communication with each other and
can be collectively configured to perform one or more
functionalities of the apparatus 200 as described herein. In
some example embodiments, the processor 212 can be
configured to execute instructions that can be stored 1n the
memory 214 or that can be otherwise accessible to the
processor 212. As such, whether configured by hardware or
by a combination of hardware and software, the processor
212 can provide hardware capable of performing operations
according to various embodiments while configured accord-
ingly.

In some example embodiments, the memory 214 can
include one or more memory devices. Memory 214 can
include fixed and/or removable memory devices. In some
embodiments, the memory 214 can provide a non-transitory
computer-readable storage medium that can store computer
program 1instructions that can be executed by the processor
212. In this regard, the memory 214 can be configured to
store information, data, applications, instructions and/or the
like for enabling the apparatus 200 to carry out various
functions i accordance with one or more example embodi-
ments. In some embodiments, the memory 214 can be in
communication with one or more of the processor 212,
transceiver(s) 216, or connection manager 218 via a bus(es)
for passing information among components of the apparatus
200.

The apparatus 200 can further include a transceiver(s)
216. The transceiver(s) 216 can enable the apparatus 200 to
send wireless signals to and receive signals from one or
more wireless networks using two or more RATs, such as the
first RAT 104 and the second RAT 106. As such, the
transceiver(s) 216 can be configured to support any type of
RAT that may be implemented by the first RAT 104 and the
second RAT 106. In some example embodiments, the trans-
ceiver(s) 216 can include a single transceiver configured to
enable the wireless communication device 102 to establish
connections to both the first RAT 104 and the second RAT
106. Alternatively, in some example embodiments, the trans-
ceiver(s) 216 can include a first transceiver configured to
enable the wireless communication device 102 to connect to
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the first RAT 104 and a second transceiver configured to
enable the wireless communication device 102 to connect to
the second RAT 106.

The apparatus 200 can turther include connection man-
ager 218. The connection manager 218 can be embodied as
various means, such as circuitry, hardware, a computer
program product comprising computer readable program
instructions stored on a computer readable medium (for
example, the memory 214) and executed by a processing
device (for example, the processor 212), or some combina-
tion thereol. In some embodiments, the processor 212 (or the
processing circuitry 210) can include, or otherwise control
the connection manager 218.

The connection manager 218 of some example embodi-
ments can be configured to enforce application-specific
threshold connection quality metrics. In this regard, the
connection manager 218 can be configured to instruct a
lower layer radio interface to switch from the first RAT 104
to the second RAT 106 1n an instance 1n which a measured
connection quality metric of the connection to the first RAT
104 does not satisty the threshold connection quality metric
for an application which 1s engaging in data communication
over the connection to the first RAT 104. In some instances,
a radio connection to the first RAT 104 can be maintained
after switching to the second RAT 106, but an active data
interface used for an application can be switched to the
second RAT 106 so that traflic for the application 1s com-
municated via the second RAT 106.

FIG. 3 illustrates a system layer diagram 300 including a
connection manager 218, such as can be implemented on the
wireless communication device 102, in accordance with
some example embodiments. As 1illustrated, 1n the system
layer diagram 300, the system can include an application
layer 302, which can include any application that can be
implemented on the wireless commumnication device 102,
and for which data can be sent and/or received over a
network connection. By way of non-limiting example, an
application which can be implemented on the application
layer can include an email application, web browsing appli-
cation, media player, a game, and/or other application for
which data can be sent and/or received over a network
connection for supporting operation of the application.

The system layer diagram 300 can further include a radio
interface layer 304. The radio interface layer 304 can include
software, firmware, hardware, or some combination thereof
that can be configured to control operation of one or more
network 1nterfaces, such as the transceiver(s) 216, which can
be implemented on the wireless communication device 102.
In this regard, the radio interface layer 304 can be configured
to perform operations to establish network connections and
manage data transier over a network interface. The radio
interface layer 304 can be further configured to measure
connection quality metrics for an active network connection.
Thus, for example, when connected to the first RAT 104, the
radio interface layer 304 can measure connection quality
metrics, such as packet error rate, latency, jitter, throughput,
transmission timeouts, and/or the like based at least 1n part
on data communication over the connection.

The connection manager 218 can be configured to inter-
face between the application layer 302 and radio interface
layer 304 to enforce threshold connection quality metrics for
active applications. In this regard, the connection manager
218 can be configured access measured connection quality
metrics for an active connection, such as a connection to the
first RAT 104, which can be measured by the radio interface
layer 304. The connection manager 218 can be further
configured to interface with the application layer 302 such
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that the connection manager 218 can have knowledge of an
active application and, 1n some example embodiments, can
know an activity being performed by an active application.

In some example embodiments, the connection manager
218 can have access to one or more application-specific
threshold connection quality metrics. For example, the con-
nection manager 218 can be provisioned with one or more
predefined application-specific threshold connection quality
metrics. Additionally or alternatively, an application can
provide the connection manager 218 with a threshold con-
nection quality metric to enforce when the application 1s
active. In such embodiments, the connection manager 218
can determine whether a connection quality metric that can
be measured by the radio interface layer 304 satisfies a
threshold connection quality metric for an active applica-
tion. If the measured threshold connection quality metric
does not satisiy the threshold connection quality metric, the
connection manager 218 of some example embodiments can
be configured to instruct a lower layer, such as the radio
interface layer 304, to switch RATs, such as from the first
RAT 104 to the second RAT 106.

Additionally or alternatively, in some example embodi-
ments, an active application can define and enforce 1ts own
threshold connection quality metric(s). In some such
example embodiments, the application layer 302 can access
a measured connection quality metric from the radio inter-
tace layer 304. Alternatively, in some such example embodi-
ments, the connection manager 218 can serve as an inter-
mediary between the application layer 302 and the radio
interface layer 304, and can provide the application layer
302 with access to a connection quality metric that can be
measured by the radio interface layer 304. In embodiments
in which an active application can define and enforce 1ts own
threshold connection quality metric(s), the active application
can compare its threshold connection quality metric(s) to a
connection quality metric that can be measured by the radio
interface layer 304. If the measured connection quality
metric does not satisfy a threshold connection quality met-
ric, the application layer 302 can instruct the connection
manager 218 to switch RATs. The connection manager 218
can be configured, 1n turn, to mstruct a lower layer, such as
the radio interface layer 304, to switch RATs, such as from
the first RAT 104 to the second RAT 106.

From the 1llustration of FIG. 3, 1t can be seen that, in some
example embodiments, intelligence for switching RATs
based on measured connection quality metrics can be imple-
mented at upper layers rather than relying on the radio
interface layer 304 to determine when to switch RATS.
Accordingly, a decision to switch RATs can be made at a
higher layer based on the needs of and conditions experi-
enced by an application operating 1n the application layer
302.

FIG. 4 illustrates a flowchart according to an example
method for application-based RAT switching according to
some example embodiments. One or more ol processing
circuitry 210, processor 212, memory 214, transceiver(s)
216, or connection manager 218 can, for example, provide
means for performing the operations illustrated in and
described with respect to FIG. 4. As an initial configuration,
as 1llustrated by operation 400, a threshold connection
quality metric can be provided for each of a plurality of
applications. Each respective threshold connection quality
metric can, for example, define one or more of a threshold
throughput, threshold timeout value, threshold latency,
threshold packet error rate, threshold jitter value, or some
other connection quality that can be measured based at least
in part on data communication over a connection.
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In some example embodiments, a threshold connection
quality metric can define a number of packets that are to be
sent for an application prior to measurement of a connection
quality metric and enforcement of the threshold connection
quality metric on the basis of the measured connection
quality metric. For example, a threshold connection quality
metric can define a threshold packet error rate and an
associated threshold number of packets that are sent for the
application prior to calculation of a packet error rate and
enforcement of the threshold packet error rate. Defining a
number of packets to be sent prior to calculation and
enforcement of a threshold connection quality metric can
ecnable adjustment of a threshold connection quality metric
to the sensitivities of a particular application. For example,
a connection quality metric can be measured after fewer
packets have been exchanged for an application, such as
email, for which the packet volume may be lower than for
an application such as a media player for which the packet
volume may be higher. In this regard, the point at which a
user 1s 1mpacted by latency can vary by application, as an
email application can be more sensitive than a media player
application due to its lower packet volume. Accordingly, the
wireless communication device 102 can remain on a RAT
with degrading connection quality longer for an application
with lower packet volume than for an application with
higher packet volume if a common threshold number of
packets 1s applied to both before measuring a connection
quality metric of the serving RAT. Thus, for example, a
connection quality metric may be measured for an email
application based on 50 sent packets, whereas a connection
quality metric may be measured for a media player appli-
cation based on 100 sent packets so that, 1f the connection
quality degrades, a RAT switch can be performed more
quickly for the email application.

In some example embodiments, a threshold connection
quality metric used for an application can be defined based
at least 1n part on a cost to send data over the second RAT
106. For example, in an instance in which the second RAT
106 1s a cellular RAT, the cost can be a combination of what
it costs 1n user experience to switch to and use the cellular
RAT as well as any applicable data cap and/or data cost on
cellular link. In this regard, 1t may be desirable to stay on a
Wi-F1 connection as long as possible with some applications
rather than switching to a cellular RAT. Thus, for example,
for lower priority applications and/or for lower priority data
activities, threshold connection quality metrics can be
defined that maintain a connection to a serving RAT with a
more degraded connection quality than for a higher priority
application. As a more particular example, for an active
application receiving push notifications, such as from news
websites, on a serving Wi-F1 RAT, 1t can be more desirable
to remain on the serving Wi-F1 RAT than to switch to a
cellular RAT than for an email application. As such, a
threshold connection quality metric requiring a higher con-
nection quality can be defined for a higher priority applica-
tion than for a lower priority application so that a connection
1s not switched to a connection with a data cap or other data
costs unless a priority of the application justifies the costs of
switching to and engaging in data communications over the
second RAT 106.

Returning to the operations of FIG. 4, operation 410 can
include engaging in data communication for an application
over the first RAT 104. Operation 420 can include deter-
mining a threshold connection quality metric for the appli-
cation. In this regard, the connection manager 218 or other
higher layer, such as the application layer 302 can determine
the threshold connection quality metric to be enforced for
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the active application from among the plurality of provided
threshold connection quality metrics. The determined
threshold connection quality metric can, for example, have
a predefined association with the application. Additionally
or alternatively, the determined threshold connection quality
metric can be a threshold connection quality metric defined
or otherwise provided by the active application. Operation
430 can include measuring a connection quality metric of
the connection to the first RAT 104 based at least 1n part on
the data commumnication over the connection to the first RAT
104. In an embodiment 1n which the threshold connection
quality metric defines a threshold number of packets to be
sent for the application prior to measurement of the con-
nection quality metric, operation 430 can be performed after
the threshold number of packets have been sent. Operation
430 can be performed by the radio interface layer 304 or
other lower layer, which can make the measured connection
quality metric available to the connection manager 218
and/or to the application layer 302. Operation 440 can
include comparing the measured connection quality metric
to the applicable threshold connection quality metric deter-
mined i operation 420. Operation 450 can include deter-
mimng whether the measured connection quality metric
satisfies the threshold connection quality metric based on the
comparison ol operation 440.

In an nstance 1n which 1t 1s determined at operation 450
that the measured connection quality metric does not satisiy
the threshold connection quality metric, the method can
proceed to operation 460, which can include switching from
the first RAT 104 to the second RAT 106. In this regard,
operation 460 can include the connection manager 218
instructing the radio interface layer 304 and/or other lower
layer to switch from the first RAT 104 to the second RAT
106 and the radio interface layer 304 can, in turn switch from
the first RAT 104 to the second RAT 106.

If, however, it 1s determined at operation 4350 that the
measured connection quality metric satisfies the threshold
connection quality metric, the method can 1nstead proceed to
operation 470, which can include remaining on the first RAT
104. In some embodlments the method can return to opera-
tion 430 such that the connection quality can be measured
and compared to the threshold connection quality metric on
an ongoing basis.

In some example embodiments, multiple threshold con-
nection quality metrics can be defined for a particular
application. In such embodiments, each threshold connec-
tion quality metric defined for a particular application can be
defined for a particular activity that can be performed by the
application such that multiple activity-specific threshold
connection quality metrics can be defined for an application.
In this regard, the sensitivity of an application and/or user
thereol to a degrading connection quality can vary depend-
ing on the particular activity. Further, some activities can
have a higher priority than others.

As an example, a web browsing application can be used
for general web browsing and viewing video among other
activities. A first threshold connection quality metric can be
defined for use when the web browsing application 1is
exchanging data for general web browsing, while a second
threshold connection quality metric can be defined for use
when the web browsing application 1s exchanging data in
support of a streaming video being viewed within the web
browsing application.

As another example, diflerent threshold connection qual-
ity metrics can be defined for different activities that can be
performed by an email application, such as sending an
email, a user actively trying to refresh the email inbox,
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refreshing the email inbox on a scheduled basis, download-
ing email content, downloading an attachment, and the like.
Downloading an email can, for example, have a lower
priority than refreshing the email inbox, and can have an
associated threshold connection quality metric that 1s more
tolerant of a degraded connection quality than a threshold
connection quality metric that can be associated with
refreshing the email inbox. As a further example, refreshing
the email inbox to display email subject lines can be
prioritized more highly than downloading an attachment or
downloading the full email content, and thus can have an
associated threshold connection quality metric that 1s less
tolerant of a degraded connection quality than a threshold
connection quality metric that can be associated with down-
loading an attachment or downloading the full content of an
email.

In some example embodiments 1n which multiple thresh-
old connection quality metrics can be defined for a given
application, the connection manager 218 can be configured
to determine an activity being performed by the application
and/or a priority thereof so that the connection manager 218
can apply an appropriate threshold connection quality met-
ric. In such example embodiments, the connection manager
218 can monitor application activities and/or can commu-
nicate with the application layer 302 to ascertain an activity
being performed by an application. In some example
embodiments 1n which multiple threshold connection qual-
ity metrics can be defined for a given application the
application can be configured to actively indicate to the
connection manager 218 an activity and/or a priority of an
activity being performed so that the connection manager 218
can select an appropriate threshold connection quality met-
ric. For example, 1f an email application 1s attempting to
send an email flagged as high priority, the application can
indicate to the connection manager 218 that 1t 1s performing
a high prionty activity and that a less tolerant threshold
connection quality metric should be applied so that the
wireless communication device 102 can be more aggressive
in switching RATs 1f faced with a degraded connection
quality.

FIG. 5 illustrates a flowchart according to an example
method for application-based RAT switching 1n which mul-
tiple threshold connection quality metrics are defined for a
grven application according to some example embodiments.
One or more of processing circuitry 210, processor 212,
memory 214, transceiver(s) 216, or connection manager 218
can, for example, provide means for performing the opera-
tions illustrated 1n and described with respect to FIG. 5. As
an 1nitial configuration, as illustrated by operation 500, a
threshold connection quality metric can be provided for each
of a plurality of application activities for a given application.
Operation 510 can include engaging 1n data communication
for an application over the first RAT 104. Operation 520 can
include determining a threshold connection quality metric
for an activity being performed by the application. In this
regard, the connection manager 218 or other higher layer,
such as the application layer 302 can determine the threshold
connection quality metric to be enforced for the activity
being performed for the active application from among the
plurality of provided threshold connection quality metrics
for the active application. The determined threshold con-
nection quality metric can, for example, have a predefined
association with the activity being performed by application.

Operation 330 can include measuring a connection quality
metric of the connection to the first RAT 104 based at least
in part on the data communication over the connection to the

first RAT 104. In an embodiment in which the threshold
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connection quality metric defines a threshold number of
packets to be sent for the application prior to measurement
of the connection quality metric, operation 530 can be
performed after the threshold number of packets have been
sent. Operation 330 can be performed by the radio interface
layer 304 or other lower layer, which can make the measured
connection quality metric available to the connection man-
ager 218 and/or to the application layer 302. Operation 540
can include comparing the measured connection quality
metric to the applicable threshold connection quality metric
determined in operation 520. Operation 550 can include
determining whether the measured connection quality met-
ric satisfies the threshold connection quality metric based on
the comparison of operation 540.

In an nstance 1n which 1t 1s determined at operation 550
that the measured connection quality metric does not satisiy
the threshold connection quality metric, the method can
proceed to operation 560, which can include switching from
the first RAT 104 to the second RAT 106. In this regard,
operation 560 can include the connection manager 218
instructing the radio interface layer 304 and/or other lower
layer to switch from the first RAT 104 to the second RAT
106 and the radio itertace layer 304 can, in turn switch from
the first RAT 104 to the second RAT 106.

If, however, it 1s determined at operation 5350 that the
measured connection quality metric satisfies the threshold
connection quality metric, the method can instead proceed to
operation 570, which can include remaining on the first RAT
104. In some embodiments, the method can return to opera-
tion 530 such that the connection quality can be measured
and compared to the threshold connection quality metric on
an ongoing basis.

In some example embodiments, one or more activities for
an application can be prioritized more highly such that a
threshold connection metric for a prioritized activity can
allow for switching to the second RAT 106 more readily for
a duration of the activity in the event of a measured
connection quality metric for the first RAT 104 failing to
satisty the threshold connection quality metric for the activ-
ity. However, after the activity has been completed, the
connection manager 218 can switch back to the first RAT
104 for any other data activities that may be performed by
the application and/or by other applications. In this regard,
such embodiments can provide a loan based system where
the second RAT 106 can be used for a duration of the
activity.

FIG. 6 illustrates a flowchart according to an example
method for application-based RAT switching for a duration
of an activity according to some example embodiments. One
or more of processing circuitry 210, processor 212, memory
214, transceiver(s) 216, or connection manager 218 can, for
example, provide means for performing the operations 1llus-
trated 1n and described with respect to FIG. 6. Operation 600
can mclude engaging in data communication for an appli-
cation over the first RAT 104. Operation 610 can include
determining a threshold connection quality metric for an
activity being performed by the application. Operation 620
can 1nclude determiming that a measured connection quality
metric of the connection to the first RAT 104 does not satisty
the threshold connection quality metric. Operation 630 can
include switching from the first RAT 104 to the second RAT
106 1n response to the determination of operation 620. In
some 1nstances, the wireless communication device 102 may
not dissociate from the first RAT 104, but can switch the
active data interface for the application to the second RAT
106. The wireless communication device 102 can use the
second RAT 106 for data communication for the application
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for a duration of the activity. After it 1s determined 1n
operation 640 that the activity has been completed, the
wireless communication device 102 can switch back to the
first RAT 104, 1n operation 650.

In some example embodiments, the connection manager
218 can be configured to not switch RATs i a measured
connection quality has failed to satisiy a threshold connec-
tion quality metric due to a remote server being down. For
example, 11 data transmission has timed out due to a remote
server with which the wireless communication device 102
can be attempting to communicate being down, the connec-
tion manager 218 can opt to remain on the serving RAT (e.g.,
the first RAT 104 without switching to another RAT (e.g., the
second RAT 106) because switching RATs may not provide
any benefit 1f the remote server 1s down.

It will be appreciated that embodiments disclosed herein
are not limited to use of application specific and/or appli-
cation activity specific thresholds for switching between
different RATs. In this regard, various example embodi-
ments can be applied to switching between any two access
networks, including access networks using a common RAT
in response to a measured connection quality metric failing
to satisty a threshold connection quality metric. By way of
non-limiting example, 11 a connection quality of a first
WLAN does not satisiy a threshold for an application and/or
application activity, the wireless communication device 102
can switch to a second WLAN, il another WLAN connection
1s available.

FIG. 7 1llustrates a flowchart according to an example
method for application-based access network switching
according to some example embodiments. One or more of
processing circuitry 210, processor 212, memory 214, trans-
ceiver(s) 216, or connection manager 218 can, for example,
provide means for performing the operations 1illustrated in
and described with respect to FIG. 7. As an initial configu-
ration, as illustrated by operation 700, a threshold connec-
tion quality metric can be provided for each of a plurality of
applications. Operation 710 can include engaging 1n data
communication for an application over a first access net-
work. Operation 720 can include determining a threshold
connection quality metric for the application. Operation 730
can include measuring a connection quality metric of the
connection to the first access network based at least 1n part
on the data communication over the connection to the first
access network. Operation 740 can include comparing the
measured connection quality metric to the applicable thresh-
old connection quality metric determined in operation 720.
Operation 730 can include determining whether the mea-
sured connection quality metric satisfies the threshold con-
nection quality metric based on the comparison of operation
740.

In an 1nstance 1n which it 1s determined at operation 750
that the measured connection quality metric does not satisty
the threshold connection quality metric, the method can
proceed to operation 760, which can include switching from
the first access network to a second access network. If,
however, 1t 1s determined at operation 750 that the measured
connection quality metric satisfies the threshold connection
quality metric, the method can 1nstead proceed to operation
770, which can include remaining on the first access net-
work. In some embodiments, the method can return to
operation 730 such that the connection quality can be
measured and compared to the threshold connection quality
metric on an ongoing basis.

In some example embodiments, if the wireless commu-
nication device 102 switches RATSs, such as from the first

RAT 104 to the second RAT 106 based on an application-
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specific threshold, the connection manager 218 can be
configured to look for an alternative access network using
the first RAT and connect to the alternative access network
when found. Thus, for example, 1n some embodiments, the
wireless communication device 102 can switch from a first
WLAN to a cellular network based on an application-
specific threshold. After switching to the cellular network,
the wireless communication device 102 of such embodi-
ments can look for a second WLAN having a better signal
quality than the first WLAN and can switch to the second
WLAN.
The various aspects, embodiments, implementations or
features of the described embodiments can be used sepa-
rately or i1n any combination. Various aspects of the
described embodiments can be implemented by software,
hardware or a combination of hardware and software. The
described embodiments can also be embodied as computer
readable code on a computer readable medium for control-
ling manufacturing operations or as computer readable code
on a computer readable medium for controlling a manufac-
turing line. The computer readable medium i1s any data
storage device that can store data which can thereafter be
read by a computer system. Examples of the computer
readable medium include read-only memory, random-access
memory, CD-ROMs, HDDs, DVDs, magnetic tape, and
optical data storage devices. The computer readable medium
can also be distributed over network-coupled computer
systems so that the computer readable code 1s stored and
executed 1n a distributed fashion.
The foregoing description, for purposes of explanation,
used specific nomenclature to provide a thorough under-
standing of the described embodiments. However, 1t will be
apparent to one skilled 1n the art that the specific details are
not required 1n order to practice the described embodiments.
Thus, the foregoing descriptions of specific embodiments
are presented for purposes of illustration and description.
They are not mtended to be exhaustive or to limit the
described embodiments to the precise forms disclosed. It
will be apparent to one of ordinary skill in the art that many
modifications and vanations are possible in view of the
above teachings.
What 1s claimed 1s:
1. A method for application-based radio access technol-
ogy (RAT) switching performed at a wireless communica-
tion device configurable to connect wirelessly using a plu-
rality of RATSs to one or more wireless networks, the method
comprising the wireless communication device:
engaging 1n data communication for an application over a
first connection using a first RAT, wherein the first RAT
1s a wireless local area network (WLAN) RAT;

obtaining, from an application layer by a connection
manager between the application layer and a radio
interface layer, indications of: (1) the application, (11) an
activity being performed by the application, the activity
being one of a plurality of activities for the application,
and (111) a priority for the activity;

determining, by the connection manager, a threshold

connection quality metric for the application, the
threshold connection quality metric being based at least
in part on the activity being performed by the applica-
tion and on the priority for the activity, wherein each of
the plurality of activities for the application 1s associ-
ated with a distinct threshold connection quality metric,
and threshold connection quality metrics for activities
having higher priorities cause switching between RATSs
more readily than threshold connection quality metrics
for activities having lower priorities;
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measuring a connection quality metric of the first con-
nection using the first RAT based at least 1n part on the
data communication for the application over the first
connection using the first RAT;

comparing the measured connection quality metric to the
threshold connection quality metric; and

in an instance 1n which the measured connection quality
metric does not satisiy the threshold connection quality
metric:

switching the data communication for the application
from the first connection using the first RAT to a
second connection using a second RAT, wherein the
second RAT 1s a cellular RAT; and
continuing the data communication for the application
over the second connection using the second RAT,
wherein the wireless communication device maintains the
first connection using the first RAT and the second
connection using the second RAT 1n parallel.

2. The method of claim 1, wherein the second RAT 1s a
Long Term Evolution (LTE) RAT, LTE-Advanced RAT, a
Universal Mobile Telecommunications System (UMTS)
RAT, or a Code Division Multiple Access 2000
(CDMA2000) RAT.
3. The method of claim 1, wherein:
comparing the measured connection quality metric to the
threshold connection quality metric comprises the con-
nection manager operating under control of a processor
implemented on the wireless communication device
comparing the measured connection quality metric to
the threshold connection quality metric; and

switching the data commumication for the application
from the first connection using the first RAT to the
second connection using the second RAT comprises the
connection manager nstructing the radio interface
layer, configured to control operation of one or more
transceivers of the wireless communication device, to
switch the data communication for the application from
the first connection using the first RAT to the second
connection using the second RAT.
4. The method of claim 3, wherein measuring the con-
nection quality metric of the first connection using the first
RAT comprises the radio interface layer measuring the
connection quality metric of the first connection using the
first RAT and making the measured connection quality
metric available to the connection manager.
5. The method of claim 1, wherein the threshold connec-
tion quality metric has a predefined association with the
activity being performed by the application.
6. The method of claim 5, further comprising the wireless
communication device:
determining, after switching the data communication for
the application from the first connection using the first
RAT to the second connection using the second RAT,
that the activity being performed by the application has
been completed;
switching the data commumnication for the application
from the second connection using the second RAT back
to the first connection using the first RAT; and

subsequently continuing the data communication for the
application over the first connection using the first RAT
in response to completion of the activity.

7. The method of claim 1, wherein the threshold connec-
tion quality metric defines a threshold packet error rate and
an associated threshold number of packets that are sent for
the application prior to calculation of a packet error rate and
enforcement of the threshold packet error rate, and
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wherein measuring the connection quality metric of the
first connection using the first RAT and comparing the
measured connection quality metric to the threshold
connection quality metric comprise calculating the
packet error rate for the first connection using the first
RAT and comparing the calculated packet error rate to
the threshold packet error rate after the threshold num-
ber of packets have been sent for the application on the
first connection using the first RAT.

8. The method of claim 1, wherein the threshold connec-
tion quality metric comprises one or more of a threshold
throughput, a threshold timeout value, a threshold latency, or
a threshold jitter value.

9. The method of claim 1, wherein determining the
threshold connection quality metric comprises determining,
the threshold connection quality metric based at least 1n part
on a cost to send data over the second connection using the
second RAT.

10. A wireless communication device comprising:

at least one transceiver configurable to transmit data to

and receive data from one or more wireless networks
via a first radio access technology (RAT) and a second
RAT; and
processing circuitry communicatively coupled to the at
least one transceiver, the processing circuitry config-
ured to control the wireless communication device to at
least:
engage 1n data communication for an application over
a first connection using the first RAT;
obtain, from an application layer by a connection
manager between the application layer and a radio
interface layer, indications of: (1) the application, (11)
an activity being performed by the application, the
activity being one of a plurality of activities for the
application, and (111) a priority for the activity;
determine, by the connection manager, a threshold con-
nection quality metric for the application, the threshold
connection quality metric beingbased at least in part on
the activity being performed by the application and on
the priority for the corresponding activity, wherein each
of the plurality of activities for the application 1s
associated with a distinct threshold connection quality
metric, and threshold connection quality metrics for
activities having higher priorities cause switching
between RATs more readily than threshold connection
quality metrics for activities having lower priorities;
measure a connection quality metric of the first connec-
tion using the first RAT based at least in part on the data
communication for the application over the first con-
nection using the first RAT;

compare the measured connection quality metric to the

threshold connection quality metric; and

in an mstance 1 which the measured connection quality

metric does not satisty the threshold connection quality

metric:

switch the data communication for the application from
the first connection using the first RAT to a second
connection using the second RAT; and

continue the data communication for the application
over the second connection using the second RAT,

wherein the wireless communication device maintains the

first connection using the first RAT and the second

connection using the second RAT 1n parallel.

11. The wireless communication device of claam 10,

wherein the first RAT 1s a wireless local area network
(WLAN) RAT, and wherein the second RAT 1s a cellular

RAT.
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12. The wireless communication device of claim 10,
wherein the processing circuitry i1s configured to further
control the wireless communication device to:

compare the measured connection quality metric to the

threshold connection quality metric at least in part by
controlling the connection manager to compare the
measured connection quality metric to the threshold
connection quality metric; and

switch the data communication for the application from

the first connection using the first RAT to the second
connection using the second RAT at least in part by
controlling the connection manager to instruct the radio
interface layer, configured to control operation of the at
least one transceiver of the wireless communication
device, to switch the data communication for the appli-
cation from the first connection using the first RAT to
the second connection using the second RAT.

13. The wireless communication device of claim 12,

wherein the processing circuitry 1s configured to further
control the wireless communication device to measure the
connection quality metric of the first connection using the
first RAT at least 1n part by controlling the radio interface
layer to measure the connection quality metric of the first
connection using the first RAT and to make the measured
connection quality metric available to the connection man-
ager.
14. The wireless communication device of claiam 10,
wherein the determined threshold connection quality metric
has a predefined association with the activity being per-
formed by the application.
15. The wireless communication device of claim 14,
wherein the processing circuitry i1s configured to further
control the wireless communication device to: determine,
alter switching the data communication for the application
from the first connection using the first RAT to the second
connection using the second RAT, that the activity being
performed by the application has been completed;
switch the data communication for the application from
the second connection using the second RAT back to
the first connection using the first RAT; and

subsequently continue the data communication for the
application over the first connection using the first RAT
in response to completion of the activity.

16. The wireless communication device of claim 10,
wherein the threshold connection quality metric defines a
threshold packet error rate and an associated threshold
number of packets that are sent for the application prior to
calculation of a packet error rate and enforcement of the
threshold packet error rate, and

wherein the processing circuitry i1s configured to further

control the wireless communication device to measure
the connection quality metric of the first connection
using the first RAT and compare the measured connec-
tion quality metric to the threshold connection quality
metric at least 1in part by calculating the packet error
rate for the first connection using the first RAT and
comparing the calculated packet error rate to the thresh-
old packet error rate after the threshold number of
packets have been sent for the application on the first
connection using the first RAT.

17. A computer program product comprising at least one
non-transitory computer readable storage medium having
computer program code stored thereon, the computer pro-
gram code comprising instructions, that when executed by
one or more processors of a wireless communication device
configurable to connect wirelessly using a plurality of radio
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access technologies (RATs) to one or more wireless net-
works, cause the wireless communication device to:

engage 1n data communication for an application over a

first connection using a first radio access technology
(RAT):
obtain, {from an application layer by a connection manager
between the application layer and a radio interface
layer, indications of: (1) the application, (11) an activity
being performed by the application, the activity being
one of a plurality of activities for the application, and
(111) a prionty for the activity;
determine, by the connection manager, a threshold con-
nection quality metric for the application, the threshold
connection quality metric being based at least 1n part on
the activity being performed by the application and on
the prionty for the corresponding activity, wherein each
of the plurality of activities for the application 1is
associated with a distinct threshold connection quality
metric, and threshold connection quality metrics for
activities having higher priorities cause switching
between RATs more readily than threshold connection
quality metrics for activities having lower priorities;
measure a connection quality metric of the first connec-
tion using the first RAT based at least in part on the data
communication for the application over the first con-
nection using the first RAT;
compare the measured connection quality metric to the
threshold connection quality metric; and
in an 1nstance i which the measured connection qual-
ity metric does not satisly the threshold connection
quality metric:
switch the data communication for the application
from the first connection using the first RAT to a
second connection using a second RAT; and
continue the data communication for the application
over the second connection using the second RAT,
wherein the wireless communication device main-
tains the first connection usmg the first RAT and
the second connection using the second RAT 1n
parallel.

18. The computer program product of claim 17, wherein

the first RAT 1s a wireless local area network (WLAN) RAT,
and wherein the second RAT 1s a cellular RAT.
19. The computer program product of claim 17, wherein
the wireless communication device:
determines, after switching the data communication for
the application from the first connection using the first
RAT to the second connection using the second RAT,
that the activity being performed by the application has
been completed;
switches the data communication for the application from
the second connection using the second RAT back to
the first connection using the first RAT; and

subsequently continues the data communication for the
apphcatlon over the first connection using the first RAT
in response to completion of the activity.

20. The computer program product of claim 17, wherein
the threshold connection quality metric defines a threshold
packet error rate and an associated threshold number of
packets that are sent for the application prior to calculation
of a packet error rate and enforcement of the threshold
packet error rate;

wherein the wireless communication device measures the

connection quality metric of the first connection using
the first RAT by calculating the packet error rate for the
first connection using the first RAT after the threshold
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number of packets have been sent for the application on
the first connection using the first RAT; and
wherein the wireless communication device compares the
measured connection quality metric to the threshold
connection quality metric by comparing the calculated
packet error rate to the threshold packet error rate after
the threshold number of packets have been sent for the
application on the {irst connection using the first RAT.
21. The computer program product of claim 17, wherein
the wireless communication device determines the threshold
connection quality metric by determining the threshold
connection quality metric based at least 1n part on a cost to
send data over the second connection using the second RAT.
22. A method for application-based access network
switching performed at a wireless communication device
configurable to connect wirelessly to a plurality of access
networks, the method comprising the wireless communica-
tion device:
engaging in data communication for an application over a
first connection to a first access network;
obtaining, from an application layer by a connection
manager between the application layer and a radio
intertace layer, indications of: (1) the application, (11) an
activity being performed by the application, the activity
being one of a plurality of activities for the application,
and (111) a priority for the activity;
determiming, by the connection manager, a threshold
connection quality metric for the application, the
threshold connection quality metric being based at least
in part on the activity being performed by the applica-
tion, wherein each of the plurality of activities for the
application 1s associated with a distinct threshold con-
nection quality metric, and threshold connection qual-
ity metrics for activities having higher priorities cause
switching between access networks more readily than
threshold connection quality metrics for activities hav-
ing lower priorities;
measuring a connection quality metric of the first con-
nection to the first access network based at least 1n part
on the data communication for the application over the
first connection to the first access network;
comparing, by a processor of the wireless communication
device, a measured connection quality metric to the
threshold connection quality metric; and
in an nstance in which the measured connection quality
metric does not satisiy the threshold connection quality
metric:
switching the data communication for the application
from the first connection to the first access network
to a second connection to a second access network:
and
continuing the data communication for the application
over the second connection to the second access
network,
wherein the wireless communication device maintains the
first connection to the first access network and the
second connection to the second access network in
parallel.
23. The method of claim 22, wherein the first access
network uses a first radio access technology (RAT), and the

second access network uses a second RAT.
24. The method of claim 22, wherein the first access
network and the second access network use a common radio

access technology (RAT).
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25. The method of claim 24, wherein the first access
network and the second access network are wireless local
area networks.
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